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a  b  s  t  r  a  c  t
Background:  The  aim of  this  multicenter  study  was  to evaluate  the  relationship  between  preoperative
kidney  function,  postoperative  acute  kidney  injury  (AKI),  and  postoperative  ﬂuid  balance  (POFB)  with
the progress  of  early  postoperative  cardiac  rehabilitation  (CR)  in  patients  undergoing  isolated  cardiac
surgery.
Methods:  Four  hundred  twenty  three  consecutive  patients  (137  females,  286  males,  aged  66 ±  13  years)
who  underwent  various  elective  cardiac  surgeries  in the  participating  institutes  were  selected  and  divided
into 5  groups  depending  on  chronic  kidney  disease  (CKD)  stage.  We  evaluated  the  effects  of  CKD  stage  on
the progress  of  early  postoperative  CR,  and  analyzed  the  factors  determining  the  achievement  of  Japanese
Circulation  Society  (JCS)  early  postoperative  CR  guidelines  goal.
Results:  Initiation  of  sitting  (F  = 7.59,  p  <  0.01)  and  standing  (F  = 4.83,  p  <  0.01),  walking  (F  =  4.40, p <  0.01),
and  100-m  unassisted  walk  (F = 13.09,  p  < 0.01)  were  related  with  severity  of  preoperative  CKD  stage.
The  proportion  of  patients  who  could  not achieve  JCS  early  postoperative  CR  guideline  goal  was  15.0%
in  patients  with  CKD  and  12.9%  in  patients  without  CKD.  Multivariable  analyses  identiﬁed  Risk,  Injury,
Failure,  Loss,  and  End-stage  Kidney  (RIFLE)  classiﬁcation  (of  postoperative  AKI)  and  blood  urea  nitro-
gen  as  factors  determining  achievement  of  early  postoperative  CR  goal in  patients  with  CKD;  and
POFB/preoperative  body  weight  (PBW),  RIFLE  classiﬁcation  as  determinants  in patients  without  CKD.
Using  the  receiver-operating  characteristics  curve  analysis  to  predict  achievement  of the  early  post-
operative  CR  goal,  POFB/PBW  4.9%  was  identiﬁed  as  the  cut-off  value  for  achievement  of  the  JCS early
postoperative  CR  guideline  goal.
Conclusion:  Preoperative  CKD  stage  correlated  signiﬁcantly  with  the progress  of  early  postoperative  CR
after cardiac  surgery.  Independent  determinants  of  achieving  JCS early  postoperative  CR guideline  goal
 pati
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The US National Kidney Foundation (NKF) published the Report
f the Task Force on Cardiovascular Disease in 1998, which recom-
ended that patients with chronic kidney disease (CKD) should be
onsidered as the “highest risk group” for subsequent cardiovascu-
ar events [1,2]. This report also advocated the importance of CKD
lassiﬁcation and treatment according to severity of CKD.
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Acute kidney injury (AKI) is a serious complication after car-
diac surgery and is associated with increased mortality [3].  In 2004,
the Acute Dialysis Quality Initiative (ADQI) group formulated the
Risk, Injury, Failure, Loss, and End-stage Kidney (RIFLE) classiﬁca-
tion as the standardized deﬁnition for AKI [4].  Recent studies have
also reported a higher prevalence of AKI in patients after cardiac
surgery, conﬁrming the association of AKI with short- or long-term
mortality [5–7].
On the other hand, studies have also shown that excessive posi-
tive postoperative ﬂuid balance (POFB) is independently associated
with prolonged critical care, longer hospital stay, and higher mor-
tality [8,9].
However, the relationship between preoperative CKD, postop-
erative AKI, excessive positive POFB, and performance of early























































were signiﬁcantly different among the 5 groups. The prevalence of00 M. Saitoh et al. / Journal o
ostoperative cardiac rehabilitation (CR) has not been reported. We
herefore performed a multicenter study with the aim to evaluate
he relationship between the severity of preoperative CKD, postop-
rative AKI, POFB and progress of early postoperative CR in patients
ho underwent isolated cardiac surgery.
ethods
ubjects
The present study was a multicenter retrospective study. A total
f 718 patients who underwent cardiovascular surgery and were
ischarged alive were identiﬁed from 7 institutes in Japan between
pril 2009 and September 2010. All eligible patients were asked
o provide informed consent at each institution. Among these
atients, 423 consecutive patients (137 females, 286 males, aged
6 ± 13 years) who underwent elective cardiac surgery, irrespec-
ive of the type of surgery, were enrolled in the study. Patients who
nderwent multiple valve procedures or those with valve proce-
ures and coronary artery bypass graft (CABG) together, CABG and
bdominal/thoracic aortic surgery, and emergency cardiac surgery
ere excluded. When classiﬁed by operative procedure, 201
atients underwent isolated CABG, 102 had aortic valve replace-
ent (AVR), 40 had mitral valve replacement (MVR), 50 had mitral
alve plasty (MVP), 11 had atrial septal defect (ASD) closure, and
9 had other procedures. When classiﬁed by preoperative CKD
tages according to kidney disease outcomes quality initiative
KDOQI), CKD stage I consisted of 32 males and 20 females, aged
0 ± 17 years; stage II consisted of 144 males and 60 females,
ged 66 ± 11 years; stage III consisted of 79 males and 46 females,
ged 71 ± 10 years; stage IV consisted of 12 males and 5 females,
ged 72 ± 9 years; and stage V consisted of 19 males and 6 females,
ged 67 ± 8 years.
This study complied with principle of the Declaration of Helsinki
egarding investigations in humans and was approved by the local
nstitutional board at each participating hospital.
reoperative renal function
Glomerular ﬁltration rate (GFR) was estimated using prediction
quations that take into account the preoperative serum creati-
ine concentration (sCr), age and gender, as recommended by the
apanese Society of Nephrology [10]. Preoperative estimated GFR
eGFR) was calculated as:
194 × serum Cr−1.094 × age−0.287 (female × 0.739). Preoperative
idney function was classiﬁed using the KDOQI stage of kidney
isease as follows: stage I, eGFR greater than 90 ml/min/1.73 m2;
tage II, eGFR 60–90 ml/min/1.73 m2; stage III, eGFR
0–59 ml/min/1.73 m2; stage IV, eGFR 15–29 ml/min/1.73 m2;
nd stage V, eGFR less than 15 ml/min/1.73 m2 which is kidney
ailure requiring dialysis or kidney transplant [11].
All the patients with stage V were restricted ﬂuid administra-
ion during cardiac surgery to prevent hypervolemia. Therefore, a
ot of substitution ﬂuid for hemodiaﬁltration was used to prevent
eterioration of platelet function and preserve the cardiac func-
ion. Additionally, continuous hemodiaﬁltration treatment for the
emoval of uremic toxin and salvaging kidney function was used in
arly postoperative periods.
ostoperative acute kidney injury
The RIFLE classiﬁcation was used to classify the severity of post-
perative AKI. The RIFLE classiﬁcation was deﬁned by the change in
Cr within 48 h after cardiac surgery compared with preoperative
aseline sCr. Patients who met  the RIFLE grade of “risk” or above
ere classiﬁed as “AKI,” whereas those who did not meet the RIFLEology 61 (2013) 299–303
“risk” criteria were classiﬁed as “no AKI.” RIFLE grade of “risk” is
deﬁned as a 100% increase in sCr; “injury” as a 200% increase in
sCr; and “failure” as a 3-fold increase in sCr [4].
Postoperative positive ﬂuid balance
We examined the change in POFB deﬁned as postoperative POFB
per preoperative body weight (POFB/PBW; %), which was  calculated
as [postoperative total positive/negative ﬂuid balance/preoperative
body weight × 100] at the end of cardiac surgery.
Early postoperative cardiac rehabilitation
We examined the initiation of postoperative mobilization exer-
cises consisting of getting out of bed (sitting on the edge of the bed),
standing at bed side, walking around the bed, and 100-m walk as
early postoperative CR. In addition, we investigated the postopera-
tive duration until the patient completed 100-m waking without
assistance. Japanese Circulation Society (JCS) early postoperative
CR guidelines recommended completion of the early postoperative
CR protocol including 100-m unassisted walk within 8 postopera-
tive days at the latest [12]. This was adopted as the goal of early
postoperative CR in the present study.
Statistical analysis
To evaluate the differences in preoperative, intraoperative, and
postoperative clinical characteristics among CKD stages as well as
the effect of preoperative kidney function on the performance of
early postoperative CR, we performed ANOVA, chi-square test, and
Fisher exact test as appropriate among the 5 groups.
We performed univariate and multivariate analyses to assess
the factors determining whether patients completed 100-m walk
within 8 postoperative days, i.e. achieved the JCS early postop-
erative CR guideline goal. For multivariate analyses, the variables
identiﬁed as signiﬁcant in univariate analysis were used as inde-
pendent variables, and odds ratios (OR) were computed with 95%
conﬁdence intervals (CI).
Receiver-operating characteristics (ROC) curve analysis was
performed to calculate the sensitivity and speciﬁcity, and the area
under the curve to select a cut-off value for predicting achievement
of the JCS early postoperative CR guideline goal.
Data are expressed as mean ± standard deviation. A p-value less
than 0.05 was  considered signiﬁcant. Statistical analysis was per-
formed using statistical software (SPSS 19.0; Chicago, IL, USA).
Results
Preoperative clinical characteristics according to CKD stage
The clinical characteristics of patients according to preoperative
CKD stage are shown in Table 1. Preoperative CKD stage was sig-
niﬁcantly related to patients’ age in this study (F = 31.75, p < 0.01).
Hemodynamic parameters including preoperative left ventricu-
lar ejection fraction (LVEF) (F = 4.28, p < 0.01) and left ventricular
end-systolic diameter (LVDs) (F = 3.14, p = 0.02) were signiﬁcantly
different among the 5 groups. Similarly, preoperative blood bio-
chemical data including serum hemoglobin (Hb) (F = 4.86, p < 0.01),
sCr (F = 4.05, p < 0.01), blood urea nitrogen (BUN) (F = 134.32,
p < 0.01), and brain natriuretic peptide (BNP) (F = 30.32, p < 0.01)concurrent diseases such as diabetes mellitus (p < 0.01), hyperten-
sion (p < 0.01), dyslipidemia (p = 0.03), heart failure (p < 0.01), and
orthopedic disease (p < 0.01) increased signiﬁcantly depending on
the severity of CKD.
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Table  1
Preoperative clinical characteristics according to preoperative chronic kidney disease stage.
Stage I Stage II Stage III Stage IV Stage V p-Value
(n  = 52) (n = 204) (n = 125) (n = 17) (n = 25)
Age (yr) 50 ± 17 66 ± 11 71 ± 10 72 ± 9 67 ± 8 p < 0.05
Sex  (male/female) 32/20 144/60 79/46 12/5 19/6 NS
Cardiac surgery (n) NS
CABG 17 104 56 11 13
AVR 9 53 29 4 7
MVR 3 12 21 2 2
MVP 10 23 14 0 3
ASD 6 4 1 0 0
Other 7 8 4 0 0
Comorbidity (n)
Diabetes mellitus 8 57 45 11 13 p < 0.05
Hypertension 20 129 86 15 12 p < 0.05
Dyslipidemia 19 107 60 12 9 NS
Heart  failure 12 52 47 10 16 p < 0.05
COPD  0 5 7 0 0 NS
CVD  5 29 17 4 6 NS
PAD 2 14 16 1 3 NS
Orthopedic disease 2 17 15 3 6 p < 0.05
LVEF  (%) 62 ± 13 60 ± 12 59 ± 16 56 ± 18 49 ± 16 p < 0.05
LVDd  (mm)  49 ± 11 49 ± 9 50 ± 11 49 ± 9 55 ± 8 NS
LVDs  (mm)  33 ± 10 33 ± 9 34 ± 12 34 ± 11 40 ± 10 p < 0.05
LAD  (mm)  40 ± 10 41 ± 8 43 ± 11 43 ± 10 42 ± 7 p < 0.05
Hb  (g/dl) 13 ± 2 13 ± 2 13 ± 6 11 ± 4 10 ± 1 p < 0.05
Cr  (mg/dl) 1 ± 0 1 ± 0 3 ± 17 2 ± 0 8 ± 3 p < 0.05
BUN  (mg/dl) 14 ± 4 16 ± 4 23 ± 24 35 ± 14 44 ± 17 p < 0.05















Abbreviations: CABG, coronary artery bypass graft; AVR, aortic valve replacement; M
hronic obstructive pulmonary disease; CVD, cerebral vessel disease; PAD, periphe
iameter; LVDs, left ventricular systolic diameter; LAD, left atrium diameter; Hb, hem
ntraoperative and postoperative clinical characteristics according
o CKD stage
Data of intraoperative and postoperative variables are shown
n Table 2. There were no signiﬁcant differences in surgery type,
peration time, anesthesia time, clamp time, and cardiopulmonary
ypass time among the 5 groups. POFB and POFB/PBW at the end
f cardiac surgery also showed no signiﬁcant difference among the
able 2
ntraoperative and postoperative clinical characteristics according to preoperative chroni
Stage I Stage II Stag
(n  = 52) (n = 204) (n =
Operation time (min) 241.0 ± 78.9 270.2 ± 83.2 270
Anesthesia time (min) 294.0 ± 97.6 335.3 ± 94.2 328
Clamp time (min) 64.5 ± 53.0 59.0 ± 54.6 81.4
CPB  time (min) 93.4 ± 65.4 86.8 ± 76.3 96.6
Total  ﬂuid balance (ml) 2224.2 ± 1040.6 2502.6 ± 1635.4 223
POFB/BW (%) 3.9 ± 2.0 4.3 ± 2.7 5.2 
AKI  (%) 9.6 8.3 17.6
bbreviations: POFB; postoperative ﬂuid balance; POFB/PBW; postoperative ﬂuid balance
able  3
rogress of early postoperative cardiac rehabilitation according to preoperative chronic k
Stage I Stage II 
(n  = 52) (n = 204)
Sitting on the edge of the bed (day) 1 ± 1 2 ± 2 
Completion of sitting (%) 94 95 
Standing at bed side (day) 2 ± 1 2 ± 2 
Completion of standing (%) 94 96 
Walking around the bed (day) 2 ± 2 3 ± 3
Completion of walking (%) 94 95 
100  m independent walking (day) 5 ± 4 5 ± 4 
Completion of 100 m independent walking (%) 100 99 
bbreviation: NS, not signiﬁcant.itral valve replacement; MVP, mitral valve plasty; ASD, atrial septal defect; COPD,
ery disease; LVEF, left ventricular ejection fraction; LVDd, left ventricular diastolic
in; sCr, serum creatinine; BUN, blood urea nitrogen; BNP, brain natriuretic peptides.
5  groups, and the prevalence of AKI (p < 0.05) was signiﬁcantly dif-
ferent among the 5 groups.
Effects of preoperative kidney function on progress of
postoperative early phase CR
Variables indicating progress of early postoperative CR are
shown in Table 3. Initiation of sitting on the edge of the bed (F = 7.59,
c kidney disease stage.
e III Stage IV Stage V p-Value
 125) (n = 17) (n = 25) ANOVA
.6 ± 76.5 287.4 ± 71.3 281.2 ± 72.6 NS
.7 ± 88.7 352.6 ± 85.2 362.9 ± 85.1 NS
 ± 221.0 45.7 ± 49.8 48.5 ± 55.2 NS
 ± 73.3 93.3 ± 70.4 77.8 ± 74.5 NS
6.2 ± 1415.3 2742.7 ± 1811.3 2159.2 ± 1578.2 NS
± 11.5 4.8 ± 3.2 3.7 ± 2.6 p < 0.05
 41.2 4.0 p < 0.05
/preoperative body weight; AKI; acute kidney injury.
idney disease stage.
Stage III Stage IV Stage V p-Value
 (n = 125) (n = 17) (n = 25) ANOVA
2 ± 2 3 ± 2 3 ± 2 p < 0.01
93 94 84 NS
2 ± 3 4 ± 3 4 ± 3 p < 0.01
92 94 84 NS
4 ± 7 5 ± 5 5 ± 3 p < 0.01
92 94 84 NS
6 ± 4 8 ± 5 9 ± 6 p < 0.01
98 94 94 NS












































Fig. 1. Receiver operating characteristic (ROC) curve analysis. ROC curve shows a02 M. Saitoh et al. / Journal o
 < 0.01) and standing at bedside (F = 4.83, p < 0.01), walking around
he bed (F = 4.40, p < 0.01), and 100-m unassisted walk (F = 13.09,
 < 0.01) were related to the severity of preoperative CKD stage.
he proportion of patients who could not achieve JCS early postop-
rative CR guideline goal was 15.0% in patients with CKD and 12.9%
n patients without CKD. Additionally, there were the patients who
ontinued with bed rest due to perioperative events and who could
ot stand or walk due to disuse syndrome; 6.6% of patients with
KD and 1.2% of patients without CKD.
eterminants of achievement of early postoperative CR goal in
atients with or without CKD
In patients with CKD (eGFR < 60 ml/min/1.73 m2), univariate
nalysis showed that RIFLE (p < 0.01), cardiovascular disease
p = 0.05), BUN (p < 0.01), BNP (p = 0.05), and Hb (p = 0.05) were sig-
iﬁcantly different between patients who achieved the JCS early
ostoperative CR guideline goal and those who did not achieve
he goal (Table 4). Multivariate analysis conﬁrmed that RIFLE [odds
atio (OR) = 3.15, 95% conﬁdence interval (CI) = 1.24–8.02, p = 0.02]
nd BUN (OR = 1.04, CI = 0.99–1.09, p = 0.05) were independent fac-
ors determining the achievement of JCS early postoperative CR
uideline goal.
In patients without CKD (eGFR > 60 ml/min/1.73 m2), univari-
te analysis showed that POFB/PBW (p = 0.02), RIFLE classiﬁcation
p < 0.01), hypertension (p < 0.01), age (p < 0.01), and BUN (p = 0.04)
ere signiﬁcantly different between patients who achieved the
CS early postoperative CR guideline goal and those who  did not
chieve the goal (Table 5). Multivariate analysis conﬁrmed that
OFB/PBW (OR = 1.34, CI = 1.10–1.64, p < 0.01) and RIFLE classiﬁca-
ion (OR = 3.25, CI = 1.46–7.20, p < 0.01) were independent factors
etermining the achievement of JCS early postoperative CR guide-
ine goal.
Using the ROC curve analysis to predict achievement of the early
ostoperative CR goal, POFB/PBW 4.9% was identiﬁed as the cut-off
alue for achievement of the JCS early postoperative CR guideline
oal, with sensitivity of 70%, speciﬁcity of 71%, and area under the
urve of 0.74 (p < 0.01) (Fig. 1).
able 4
ultivariate logistic regression analysis of achievement of the JCS early postopera-
ive CR guideline goal in patients with CKD.
Univariate Multivariate
p-Value p-Value Odds ratio 95% CI
RIFLE classiﬁcation <0.01 <0.01 3.15 1.24–8.02




bbreviations: BUN, blood urea nitrogen; BNP, brain natriuretic peptides; CVD, cere-
rovascular disease; Hb, hemoglobin.
able 5
ultivariate logistic regression analysis of achievement of the JCS early postopera-
ive CR guideline goal in patients without CKD.
Univariate Multivariate
p-Value p-Value Odds ratio 95% CI
RIFLE classiﬁcation <0.01 <0.01 3.25 1.46–7.20




bbreviations: POFB/PBW, postoperative ﬂuid balance/preoperative body weight;
UN, blood urea nitrogen.POFB/PBW cut-off at 4.9% with sensitivity 70%, speciﬁcity 72%, AUC 0.73, p < 0.05.
POFB/PBW, postoperative ﬂuid balance/preoperative body weight; AUC, area under
the curve.
Discussion
Preoperative kidney function and early postoperative phase CR
The present study was  the ﬁrst attempt to demonstrate an
association between achievement of JCS early postoperative CR
guideline goal and preoperative kidney dysfunction. We  found that
the progress of early postoperative CR was delayed depending on
the severity of preoperative kidney dysfunction.
Patients with CKD are known to have a greater risk proﬁle,
with more advanced age, and higher prevalence of congestive heart
failure, hypertension, peripheral vascular disease, anemia, lipid
abnormalities, and insulin resistance [13,14]. CKD was  reported to
be a potential direct risk factor for postoperative recovery [15].
The present study also found that preoperative kidney dys-
function was associated with more advanced age, more dilated
left ventricle (LV), LV systolic dysfunction, positive POFB/PBW, and
higher prevalence of concurrent diseases including hypertension,
diabetes mellitus, dyslipidemia, heart failure, and orthopedic dis-
ease. These data suggest that advanced kidney dysfunction may
be a surrogate marker of comorbidity. The presence of kidney
dysfunction may  play a role in the mechanism of delayed early
postoperative CR.
Determinants of achieving early postoperative CR goal in patients
with or without CKD
We found that the proportion of patients who could not achieve
JCS early postoperative CR guideline goal was 15.0% in patients with
CKD and 12.9% in patients without CKD. Additionally, the factors
determining achievement of early postoperative CR goal in patients
without CKD were RIFLE classiﬁcation and POFB/PBW. On the other
hand, the factors determining achievement of early postoperative
CR goal in patients with CKD were RIFLE classiﬁcation and BUN.
The RIFLE classiﬁcation is now widely used to deﬁne the severity
of AKI [4],  and this classiﬁcation has been reported to be a risk
factor of short- and long-term mortality or morbidity in patients
undergoing cardiac surgery [5–7]. The RIFLE classiﬁcation indicated
the relative change in sCr from preoperative baseline level. This
is particularly important for patients with normal renal function
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 signiﬁcant relative change in sCr without ever reaching a high
bsolute sCr.
Recent studies have demonstrated that AKI occurs in about
0–50% of cardiac surgeries [16,17]. Advanced preoperative renal
ysfunction has been reported to increase the risk of postopera-
ive AKI in patients undergoing isolated cardiac surgery [18]. In the
resent study, patients with advanced preoperative kidney dys-
unction (except stage V) also showed a higher prevalence of AKI
stage I 9.6% vs. stage II 8.3% vs. stage III 17.6% vs. stage IV 41.2% vs.
tage V 4.0%). We  propose that patients who develop postoperative
KI regardless of preoperative CKD require a prolonged period of
ostoperative critical care and longer duration to return to preoper-
tive baseline body weight. Therefore, RIFLE classiﬁcation remains
 factor determining the achievement of JCS early postoperative CR
uideline goal in patients with or without preoperative CKD.
The present study showed a positive POFB/PBW as a deter-
inant of achievement of early postoperative CR goal in patient
ithout CKD. A previous study reported that excessive positive
OFB/PBW results in prolonged mechanical ventilation man-
gement or postoperative treatment for heart failure or any
omplication, and leads to a prolonged period to return to the
reoperative baseline body weight [19]. Patients without CKD
ho maintain stable postoperative hemodynamics usually do not
equire a prolonged period to return to preoperative baseline body
eight, because these patients often have constant urinary output
ithout diuretics or inotropic drugs after cardiac surgery. These
ndings may  explain our result that excessive positive POFB/PBW
as a factor in not achieving early postoperative CR goal only in
atients without CKD.
In addition, ROC curve analysis identiﬁed POFB/PBW 4.9% as the
utoff for achievement of early postoperative CR goal. The sensi-
ivity of 70% and speciﬁcity of 72% for POFB/PBW 4.9% was  good.
his result indicates that POFB/PBW 4.9% in patients without CKD
s a determinant factor to achieve the JCS early postoperative CR
uideline goal.
onclusion
We  found that CKD correlated signiﬁcantly with postoperative
arly phase CR. The progress of early postoperative CR is delayed
n patients with advanced renal dysfunction undergoing isolated
ardiac surgery. Factors determining achievement of JCS early post-
perative CR guideline goal in patients without CKD were RIFLE
lassiﬁcation, POFB/PBW. On the other hand, factors determining
he achievement of early postoperative CR goal in patients with
KD were RIFLE classiﬁcation and BUN.
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